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X-RAY TUBES 

The present invention relates to X-ray tubes and in particular to 
controlling the amount of heat produced in the tube housing. 

It is known to provide an X-ray tube which comprises an electron emitter 
and a metal anode where the anode is held at. a positive potential (say 100 
kV) with respect to the electron emitter. Electrons from the emitter 
accelerate under the influence of the electric field towards the anode. On 
reaching the anode, the electron loses some or all of its kinetic energy to 
the . anode with over 99% of this energy being released as heat. Careful 
design of the anode is required to remove this heat. 

Electrons that backscatter from the anode at low initial energy travel back 
15 down the lines of electrical potential towards the electron source until 
their kinetic energy drops to zero. They are then accelerated back towards 
the anode where theif kinetic energy results in generation of further heat 
(or X-radiation) . 
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20 Electrons that scatter from the anode at higher energies can escape the 
lines of electrical potential that terminate at the anode and start to travel 
towards the tube housing. In most X-ray tubes, the electrons can reach 
the housing with high kinetic energy and the localised heating of the 
housing that results can lead to tube failure. 
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The present invention provides an X-ray tube comprising, a cathode 
arranged to provide a source of electrons, an anode held at a positive 
potential with respect to the cathode and arranged to accelerate electrons 
from the cathode such that they will impact on the anode thereby to 
produce X-rays, and a retardation electrode held at. a negative potential 
with respect to the anode thereby to produce an electric field, between the 
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anode and the retardation electrode which can slow down electrons 
scattered from the anode thereby reducing the amount of heat they can 
generate in the tube. 

Preferably the retardation electrode is held at a positive potential with 
respect to the cathode. . 



Preferably the retardation electrode forms part of an electrical circuit so 
that electrons collected by the retardation electrode can be conducted 
10 away from it thereby maintaining its potential substantially constant. 

The X-ray tube may include a housing enclosing the anode and the 
cathode, and at least a part of the housing may form the retardation 
' electrode. Alternatively the retardation electrode may be located between 
15 the anode and the housing thereby to slow down electrons before they 
reach the housing. 
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The anode may be a thin film anode and the retardation electrode may be 
located on the opposite side of the anode to the cathode so as to slow 
down electrons which have passed through the anode. In this case the 
anode is preferably supported on a backing layer of lower atomic number 
than the anode. Preferably the anode has a thickness of the order of 5 
microns or less. 

Preferred embodiments of the present invention will now be described by 
way of example only with reference to the accompanying drawings in 
which: 



Figure 1 is a diagram of an X-ray tube according to a first 
embodiment of the invention; 
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Figure la is a graph showing the attenuation characteristics of a 
retardation electrode of the tube of Figure 1 ; 



Figure lb is a graph showing the energies of X-rays produced by 
5 an anode of the tube of Figure 1; 

Figure 2 is a diagram of an X-ray tube according to a second 
embodiment of the invention; 

10 Figure 3 is a diagram of an X-ray tube according to a third 

embodiment of the invention; and 

Figure 4 is a diagram of an X-ray tube according to a fourth 
embodiment of the invention. 

15 

Referring to Figure 1 an X-ray tube comprises a housing 10 which 
encloses an electron source in the form of a cathode 12, and a thin film 
anode 14. The anode comprises a thin film 14a of a high atomic number 
target material, in this case tungsten, supported on a backing 14b of a low 
20 atomic number material, in this case boron. Boron is suitable due to its 
high thermal conductivity and low probability of electron interaction, both 
of which help to reduce the build up of heat in the anode 14. The thin 
film 14a of tungsten may have a thickness of from 0.1. to 5 micron and 
the backing 14b has a thickness of from 10 to 200 micron. The cathode 12 
25 and anode 14 are connected into an electrical circuit 15 which maintains, 
the cathode 12 at a fixed negative potential with respect to the anode 14, 
in this case -lOOkV. This achieved by keeping the anode at a fixed 
positive potential and the cathode at either a fixed negative potential or 
at ground potential. The housing 10 has a first window 16 through it, on 
.30 the opposite side of the anode to the cathode, and a second window 18 
which is to one side between the anode 14 and cathode 12. A retardation 
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electrode 20 is also" located inside the housing 10, between the anode 14 
and the first window 16, i.e. on the opposite side of the anode 14 to the 
cathode 12. The retardation electrode is in the form of a sheet of stainless 
steel foil having a thickness of 100 to 500 microns extending substantially 
parallel to the thin film anode 14 and the first window 16. Molybdenum 
sheet can also be used. The. retardation electrode 20 is also connected into 
the electric circuit and is held at a fixed potential which is positive with 
respect to the cathode 12, but much less so than the anode 14, in this case 
being at lOkV with respect to the cathode. 



In use, electrons 11 generated at the cathode 12 are accelerated as an 
electron beam 13 towards the anode 14 by the electric field between the 
cathode 12 and anode 14. Some electrons 11 interact with the anode 14 
through the photoelectric effect to produce X-rays 15, which can be 
15 collected through the first windows 16. in a direction parallel with the 
incident electron beam 13, or through the second window 18, in a 
direction substantially perpendicular to the direction of the incident 
electron beam 13. X-rays are actually emitted from the anode in 
substantially all directions, and therefore need to be blocked by the 
housing 10 in all areas apart from the windows 16, 18, 



The more energetic an electron, the more likely it is to interact with the 
anode 14 through the photoelectric effect. Consequently, the first 
interaction of any electron with the anode 14 is the one most likely to 

25 yield a fluorescence photon. An electron that scatters in the target has a 
probability of generating a bremsstrahlung X-ray photon, but the photon 
will usually be lower in energy than a fluorescence .photon (especially 
from a high atomic number target such as tungsten). Therefore, for most 
imaging applications, X-rays resulting from photoelectric interactions are 

30 preferred. 
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Using Monte Carlo studies it is possible to show that virtually all 
fluorescence photons arise from the first electron interaction in the target 
14. If the first interaction does not result in a fluorescence photon, it is 
very unlikely that any subsequent interaction will result in a fluorescence 
5 photon either. In high atomic number materials such as tungsten, the first 
electron interaction typically occurs very near to the anode surface e.g. . 
within 1 micron of the surface. Therefore, it is advantageous to use the 
thin target 14 so that the ratio of fluorescence to bremsstrahlung radiation 
is maximised. Further, the heat dissipated in such a thin target 14 is low. 
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' Electrons that do not interact in the thin target 14 will normally continue 
in the same straight line trajectory that they were following in the beam 
13 as they entered the target 14 from the electron source 12. Electrons 
that pass through the anode 14 will slow down as they are retarded by the 

15 strength of the electric field in the region behind the anode 14, caused by 
the electrical potential between the anode 14 and the retardation electrode 
20. When the electrons interact in the retardation electrode 20, they have 
low kinetic energy and consequently only a small thermal energy is 
deposited in the electrode. In this embodiment where the additional 

20 electrode is at a potential of 10 kV with respect to the electron source 12 
but where the anode 14 is at 100 kV with respect to the electron source 
12, then total thermal power dissipation in the X-ray tube will be around 
10% of that in a conventional thick target X-ray source. 

25 X-rays passing through the window 16 also have to pass through the 
retardation electrode 20. In this case it is important to ensure that the 
retardation electrode 20 blocks as few of the X-rays produced in the 
anode 14 as possible. Referring to Figure la the X-ray attenuation 
coefficient jx of the retardation electrode 20 decreases -generally with 

30 increasing X-ray energy, but has a sharp discontinuity where it increases 
sharply before continuing to decrease. This results in a region of 



minimum attenuation at energies just below the discontinuity. Referring to 
Figure lb, the energies Of the X-rays produced in the anode decreases 
steadily with increasing energy due to the bremsstrahlung component of 
the radiation, but has a sharp peak at the peak energy which corresponds 
to fluorescent X-ray production. In order to maximise the proportion of 
the fluorescent X-rays passing through the retardation electrode 20, the 
energy of minimum attenuation in the retardation electrode is selected to 
correspond to the peak X-ray energy. For example, with a tungsten 
target, which produced fluorescent X-rays at energies K a i = 59.3keV and 
K a2 = 57.98keV, a rhemium retardation electrode can be used which has 
absorption edges at 59.7keV and 61.1keV and is therefore substantially 
transparent to the X-rays at energies of 59.3keV and, to a lesser degree, 
to those at energies of 57.98keV. 

Referring to Figure 2, in a second embodiment of this invention, the 
cathode 112 and anode 114 are set up so that the electron beam 113 
interacts at glancing angle to the anode 114. In this type of set up, the 
energy deposited in the anode 114 is considerably reduced compared to 
conventional reflection anode X-ray tubes. Using Monte Carlo modelling, 
it can be shown that X-ray output is relatively little affected by the use of 
this geometry. However, the number of electrons that escape the anode 
114 in the forward direction is high. A retardation electrode 120 is 
therefore provided to slow the forward directed scattered electrons down 
such that the thermal energy deposited in the tube housing 110 is reduced 
to tolerable levels. X-rays in this arrangement can be collected through a 
first window 116, which is behind the retardation electrode 120 so that 
the X-rays must pass through the retardation electrode 120 to reach the 
window 116, or a second window 118 in the side of the housing 110 
facing the anode 114. As with the first embodiment, the housing 110 
blocks the X-rays which are emitted in directions other than through the. 
windows 116, 118. 
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Referring to Figure 3, in a third embodiment of this invention, an 
electron beam 213 from an electron source 212 is used to irradiate a 
typical reflection anode 214. Here, the anode 214 and electron source 212 
are surrounded by a retardation electrode 220. In this embodiment the 
retardation electrode 220 comprises a metal foil, but an electrically 
conductive mesh could equally be used. The retardation electrode 220 is 
held, at a negative potential with respect to the anode 214, but at a 
positive potential with respect to the electron source 212, Again, high 
energy scattered electrons from the anode 214 will decelerate in the 
electric field between the anode 214 and retardation electrode 220 thus 
reducing the overall heat load in the X-ray tube. 

To set the potential of the retardation electrode 220, the retardation 
electrode 220 is electrically isolated from all elements in the tube and 
then connected to the anode 214 potential +HV by means of a resistor R. 
As electrons reach the retardation electrode 220, a current I -will fl6w 
through the resistor R back to the anode power supply and the potential of 
the electrode will fall to be negative with respect to the anode. In this 
situation, the retardation electrode potential will be affected by the 
operational characteristics of the tube and will to some degree be self 
adjusting. Such an approach can also be used with retardation electrodes 
as shown in Figures 1 and 2 too. 



Referring to Figure 4, in a fourth embodiment of the invention, the entire 
case 310 of the X-ray tube is used as the retardation electrode 320 by 
making it of a conductive material and fixing the potential of the X-ray 
tube case 310 slightly positive with respect to the electron source 312. 
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CLAIMS 



1. An X-ray tube comprising, a cathode arranged to provide a source 
of electrons, an anode held at a positive potential with respect to the 
cathode and arranged to accelerate electrons from the cathode such that 
they will impact on the . anode thereby to produce X-rays, and a 
retardation electrode held at a negative potential with respect to the anode 
thereby to produce an electric field between the anode and the retardation 
electrode which can slow down electrons scattered from the anode thereby 
reducing the amount of heat they can generate in the tube. 

2. An X-ray tube according to claim 1 wherein the retardation 
electrode is held at a positive potential with respect to the cathode. 

3. An X-ray tube according to claim 1 or claim 2 wherein the 
retardation electrode is made of an electrically conducting material. 

4. An X-ray tube according to any foregoing claim wherein the 
retardation electrode forms part of an electrical circuit so that electrons 
collected by the retardation electrode can be conducted away from it 
thereby maintaining its potential substantially constant. 

5. An X-ray tube according to claim 4 wherein the retardation 
electrode is electrically connected to the anode via a resistor so that 
current flowing through the resistor will determine the potential of the 
retardation electrode with respect to the anode. 

6. An X-ray tube according to any foregoing claim including a 
housing enclosing the anode and the cathode, wherein at least a part of 
the housing forms the retardation electrode. 
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7. An X-ray tube according to any of claims 1 to 5 further comprising 
a housing, wherein the retardation electrode is located between the anode 
and the housing thereby to slow down electrons before they reach the 
housing. 

5 

8. An X-ray tube according to any foregoing claim wherein the anode 
is a thin film anode and the retardation electrode is located on the 
opposite side of the anode to the cathode so as to slow down electrons 
which have passed through the anode. 

10 

9. An X-ray tube according to claim 8 wherein the' anode is supported 
on a backing layer of lower atomic number than the anode. 

10. An X-ray tube according to claim 8 or claim 9 wherein the anode 
15 has a thickness of the order of 5 microns or less. 

11. An X-ray tube according to any foregoing claim which defines a 
window through which X-rays are to be emitted, wherein the wherein the 
retardation electrode extends between the anode and the window so that 

20 X-rays passing out through the window will pass through the retardation 
electrode. 

12. An X-ray tube according to claim 11 wherein the anode is arranged 
to produce X-rays having a range of energies including a peak energy, 

25 and the retardation electrode has an X-ray attenuation which varies with 
X-ray energy and has a minimum value around a minimum attenuation 
energy, and wherein the retardation electrode material is selected such 
that the minimum attenuation energy coincides with the peak energy. 
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13. An X-ray tube substantially as hereinbefore described with 
reference to Figures 1, la and lb, Figure 2, Figure 3 or Figure 4 of the 
accompanying drawings. 
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ABSTRACT 
X-RAY TUBES 

An X-ray tube comprises an electron source in the form of a cathode 12, 
and an anode 14 within a housing 10. The anode 14 is a thin film anode, 
5 so that most of the electrons which do not interact with it to produce X- 
rays pass directly through it. X-rays can be collected through a first 
window 16 directly behind the anode 14, or a second window 18 to one 
side of the anode. A retardation electrode 20 is located behind the anode 
4 and is held at a potential which is negative with respect to the anode 14, 
10 and slightly positive with respect to the cathode 12. This retardation 
electrode 20 produces an electric field which slows down electrons 
passing through the anode 14 so that, when they interact with it, they are 
at relatively low energies. This reduces the heat load on the tube. 

15 (To be accompanied, when published, by Figure 1 of the drawings.) 
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